An efficient synthetic route to biologically interesting furan-fused pentacyclic triterpenoids with a furan moiety 2,3-annelated to the terpenoid skeleton has been developed. New heterocyclic triterpenoids have been obtained in moderate to good yields by base-promoted 5-exo-dig cyclization of the pent-4-yn-1-one moiety in ring А of the 2-alkynyl-3-oxotriterpene acids of lupane, ursane and oleane type.
Introduction
Pentacyclic triterpenoids, which are abundant in plants, are usually produced as secondary metabolites. These compounds are of interest for pharmacological investigations, as they exhibit a variety of biological activities, including anti-inflammatory, antiviral, hepatoprotective, antiparasitic, and, what is important, anticancer activities, which are successfully combined with low systemic toxicity for animals. [1] [2] [3] [4] [5] [6] [7] [8] Owing to the presence of easily transformable functional groups (ОН, СООН, С=С), pentacyclic triterpenoids possess a good synthetic potential and are actively used as promising structural platforms for the discovery of new drugs. Currently, in order to increase the biological potential and bioavailability of native triterpene acids, their numerous synthetic analogues have been prepared. Among them, considerable attention has been given to heterocyclic triterpenoids with various nitrogen, sulfur, and oxygen heterocycles. [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] The biological activity of triterpenoid heterocycles are promising and many of them have been studied as antitumor, [9] [10] [11] [12] [13] antiosteoporosis, 14, 15 antiinflammatory 16 and antileishmanial agents. 17, 18 Among this group of potentially biologically active compounds, furan triterpenoid derivatives have not been reported in the literature. Meanwhile, polysubstituted furans represent an important class of oxygen heterocycles and occur as structural moieties in many natural products and pharmaceutically important substances. 19 Furans are used in medicinal chemistry as useful intermediates in the synthetic transformations aimed at the development of new pharmaceutical agents. 20 A recent trend in the synthesis of polysubstituted furans is related to the development of atom-economic methods for the design of the furan ring via intramolecular cyclization of acyclic alkynyl ketones or alcohols induced by strong bases [21] [22] [23] or transition metal-based catalysts. [24] [25] [26] [27] These rational methods that give furan heterocycles under mild conditions provide a good alternative to numerous classical methods for furan synthesis, in particular known cyclocondensations of carbonyl compounds (Paal-Knorr or Feist-Benary syntheses).
Recently we developed a chemoselective method for the synthesis of С(2)-propargyl-substituted lupaneand ursane-type triterpenoids based on α-alkylation with propargyl bromide of potassium enoxytriethylborates generated from 3-oxotriterpenes under the action of KN(SiMe3)2-Et3B. 28 In this work, the С-2 alkynyl derivatives of 3-oxotriterpene acids were used as the key intermediates for the synthesis of new furanоtriterpenoids by anionic 5-exo-dig cyclization of the pent-4-yn-1-one moiety in the A-ring of the pentacyclic skeleton. A specific feature of this transformation is that the pent-4-yn-1-one moiety is incorporated in polycyclic molecules, structurally related to steroids, whereas in many cases, acyclic alkynyl ketones have been used as the initial substrates for cyclization into furans. -DMЕ, KОН-THF, or KОН-DMSO, at room temperature over a period of 1-2 h, compound 8 was fully converted into a complex mixture of oligomeric compounds, in which the desired product 11a was not found. The use of KN(SiMe 3 ) 2 in DMSO gave heterocycle 11a in a yield not exceeding 36%. The expected compound 11a was obtained in a reasonable yield of 58% by treatment of terpenoid 8 with KN(SiMe3)2 in dimethoxyethane at room temperature for 30 min. With longer reaction times, the yield of furan derivative 11a was lower as a result of formation of oligomeric side products. Under the optimized conditions, methyl ursonate 9 and methyl oleonate 10 were converted to heterocyclic compounds 12a and 13a in 56% and 54% yields, respectively (Scheme 2, Table 1 ). Demethylation of the sterically hindered ester group in compounds 11a-13a via halideolysis with LiI in DMF 28 afforded 11b-13b in 54-56% yield (Scheme 2). In order to broaden the applicability of this method, aryl groups with various substituents in the aromatic ring (4-Cl, 4-Br, 4-F, 3,4,5-(OMe)3, 2-Me, 4-NO2) were introduced into the terminal acetylenic moiety of compounds 8-10. These products were obtained in excellent yield (80-85%) by the Sonogashira reaction in the presence of PdCl2(PPh3)2, СuI and Et3N (Scheme 3).
The resulting alkynyl triterpenoid derivatives 14a-g, 17, and 19 were successfully converted into triterpene furans 15a-g, 18a and 20a. Cleavage of methyl esters afforded compounds 16a-f, 18b and 20b. Triterpenoids with arylalkynyl substituents were more reactive in this intramolecular cyclization than the substrates containing a terminal acetylenic bond. As opposed to cyclization of triterpenoid 8, compound 15a was transformed into furan derivative 15a in a good yield (54-73%) in the presence of various basic reagents: BuOK t -DMSO, KN(SiMe3)2-DMSO, BuOK t -DMЕ or KN(SiMe3)2-DME. However the best yield of furan derivative 14a (73%) was obtained with the KN(SiMe3)2-DME (Table 1) . Among the tested 2-arylacetylenic derivatives of betulonic acid 14a-g only triterpenoid 14g (R = 4-O2NC6H4) was a problematic compound. Intramolecular cyclisation provided a 19% isolation yield of furanoterpenoid 15g and led to the formation of large amounts of side-products. С NMR spectra of furan-fused triterpenoids adequately reflected their structure. Indeed, the 13 С NMR spectrum of compound 11a exhibited no signals for the acetylene and carbonyl carbon atoms, indicating that these functional groups of the initial methyl betulonate 8 were transformed in the intramolecular cyclization. Apart from the characteristic signal for the quaternary С-20 carbon atom (150.57 ppm), the spectrum exhibited three new signals for quaternary carbon atoms (DEPT, HSQC) at 113.68, 149.57, and 154.44 ppm, which were assigned to С-2, С-5', and С-3, respectively. The The base-promoted ring closure in acyclic alkynyl ketones and alcohols occurs via the addition of oxygenbased nucleophilic group to the carbon-carbon triple bond. Agreement with Baldwin rules for ring formation cyclization can proceed along two pathways (5-exo-dig or 6-endo-dig cyclization) to give either 2-alkylfurans or 4Н-pyrans, respectively ( Figure 1 ). 
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Conclusions
We have developed an efficient procedure to synthesize new furan-fused lupane-, ursane, and oleane-type pentacyclic triterpenoids. The synthesis is based on KN(SiMe3)2-or BuOK t -promoted cycloisomerization of accessible 2-alkynyl-3-oxotriterpene acid derivatives in dimethoxyethane. Future research will address transition metal complex-catalyzed heterocyclization of acetylene derivatives of triterpene acids.
Experimental Section
General. IR spectra were recorded on a Specord IR-75 spectrometer (thin films or solutions in CHCl 3 ). 
General procedure for the synthesis of [3,2-b]furano-fused triterpenoids 11a-13a
Starting triterpenoids 8-10 were prepared as previously reported. 28 A 1 M solution of KN(SiMe3)2 (0.51 mL, 0.51 mmol) in THF was added to a solution of triterpenoids 8-10 (0.39 mmol) in DME (6 mL). The reaction mixture was stirred at room temperature under an argon atmosphere. The completion of reaction was monitored by TLC analysis. After 30 min reaction mixture was neutralized with 5% HCl (aq). The product was extracted with EtOAc (3 × 10 mL). The combined extracts were dried with MgSO4 and concentrated. The residue was purified by column chromatography on SiO2 with hexane/EtOAc (30:1) as an eluent to give the appropriate compound 11a-13a. Then to a mixture of corresponding triterpenoids (0.3 mmol) and an aryl iodide (0.25 mmol) were dissolved in DMF (4.5 mL), Et3N (0.34 mL, 2.47 mmol) was added. Then CuI (4.6 mg, 0.03 mmol) and PdCl2(PPh3)2 (8.6 mg, 0.01 mmol) were added to the mixture simultaneously and the resulting mixture was stirred at room temperature for 1-3 hours. The completion of reaction was monitored by TLC analysis. The reaction was quenched by addition of water and extracted with EtOAc (3 × 10 mL). The combined organic extracts were dried with MgSO4 and concentrated under reduced pressure. The residue was purified by column chromatography on SiO2 with hexane/EtOAc (30:1) as an eluent to give a final compound: 14a-g, 17 Methyl 2α-(3,4,5-trimethoxyphenylpropynyl)-3-oxolup-20(29)en-28-oate (14f) 74 (s, 3H, H-30), 1.25, 1.14,  1.03,1.01, 0.88 (all s, 3H each, H-23-H-27 ). 13 C 5'-(3,4,5-trimethoxybenzyl)furano[3,2-b]lup-20(29)-en-28-oate (15f 71 (s, 3H, H-30 compound 11a-13a, 15a-f, 18a or 20a (0.4 mmol) in DMF (3 mL). The reaction mixture was heated under reflux for 5 h (monitoring by TLC), diluted with water (2 mL), and neutralized with 5% HCl (aq). The product was extracted with EtOAc (3×10 mL). The combined extracts were dried with MgSO4 and concentrated. The residue was purified by column chromatography on SiO2 with hexane/EtOAc (from 30:1 to 1:10) as an eluent to give compound 11b-13b, 16a-f, 18b and 20b. Chlorobenzyl)furano[3,2-b]lup-20(29)-en-28-oic acid (16c). Colorless crystals (45% 5'-(4-Fluorobenzyl)furano[3,2-b]lup-20(29)-en-28-oic acid (16d) 13 C NMR (see Table 2 ). Anal. Calcd for C40H54O3: C, 82.43; H, 9.34. Found: C, 82.51; H, 9.38 %. Benzylfurano[3,2-b]olean-12-en-28-oic acid (20b) . Colorless crystals (52%). mp 96-98 o C. 26 (m, 5H, arom), 5.67 (s, 1H, H-4'), 5.37 (m, 1H, H-12 
Methyl 5'-methylfurano[3,2-b]lup-20(29)-en-28-oate (11a). Colorless crystals (58%
32.13, 30.56, 29.62, 25.43, 25.08, 21.69, 21.19, 20.46, 19.32, 19.32, 16.12, 16.12, 14.63. Anal. Calcd for C40H53FO3: C, 79.96; H, 8.89. Found: C, 79.89; H, 8.90
Methyl 2α-(4-nitrophenylpropynyl)-3-oxolup-20(29)en-28-oate (14g). Colorless crystals (71%
Me-C6H4), 2.30-1.25 (m, 21H, CH, CH2 in pentacyclic skeleton and 1H, H b -1), 1.NMR (125 MHz, CDCl3): δC 176.67, 154.91, 151.76, 150.56
5'-Methylfurano[3,2-b]lup-20(29)-en-28-oic acid (11b). Colorless crystals (45%
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